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(54) ENGINE CONTROLLER 

(57)Abstract: 

PURPOSE: To independently control an air-fuel ratio 
and ignition timing of each cylinder with high 
accuracy by determining a value corresponding to a fH^ 
filling air quantity of each cylinder on the basis of an 
engine speed and a normalized cylinder inner 
pressure. 

CONSTITUTION: A pressure detector M3 measures 
a cylinder inner pressure at a predetermined crank 
angle in each cylinder on the basis of an output signal 
from a crank angle detector M2. A pressure 
normalizer M4 normalizes the cylinder inner pressure 
by a reference cylinder inner pressure obtained in a 
reference state of an engine Ml. Meanwhile, an 
engine speed detector M6 detects a speed of the 
engine Ml based on another output signal from the detector M2, A calculation controller 
M8 calculates and controls an air-fuel ratio and ignition timing of each cylinder of the 
engine Ml on the basis of output signals from means 5, 7. An air-fuel ratio adjuster M9 
regulates a fuel injection quantity of the engine Ml based on an air-fuel control signal 
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output from the controller M8, thereby adjusting an air-fuel ratio of each cylinder. An 
ignition timing adjuster M10 adjusts an ignition timing of each cylinder of the engine M1 on 
the basis of an ignition timing control signal output from the controller M8. 
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* NOTICES * 

JPO and NCI PI are not responsible £or any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The engine which has two or more gas columns, and a crank angle detection means to 
detect the predetermined crank angle of these engines, A cylinder intemal pressure detection means 
to detect the cylinder intemal pressure of each of said gas column based on the output signal of this 
crank angle detection means, A pressure normalization means to normalize with the cylinder intemal 
pressure in the predetermined reference state which was able to ask for this cylinder intemal pressure 
beforehand, A means to calculate the value corresponding to the restoration air content for every gas 
colunrn from the cylinder intemal pressure normalized with the engine-speed detection means, and 
the engine speed called for by this engine-speed detection means and said pressure normalization 
means. An operational status detection means to detect the value calculated with this means, and said 
engine speed as operational status. The operation control means which calculates independently the 
air-fuel ratio and ignition timing for every gas column based on this operational status. The engine 
control system which comes to have the air-fixel ratio adjustment device which adjusts an engine air- 
fuel ratio based on the air-fuel ratio called for by this operation control means, and an ignition timing 
adjustment means to adjust engine ignition timing based on the ignition timing called for by this 
operation control means. 

[Claim 2] The engine control system by which the engine control system according to claim 1 was 
equipped with a crank angle detection means for gas colmnn discernment to generate the signal 
which identifies the number of an ignition gas column further. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] It faces that this invention performs engine Air Fuel Ratio Control and 
ignition timing control, and is related with the engine control system which calculates and controls 
the combustion injection quantity, fuel injection timing, and ignition timing from the pressure (it is 
hereafter described as cylinder internal pressure) of a combustion chamber. 
[0002] 

[Description of the Prior Art] The inhalation air content to an engine is computed by detecting the 
pressure of an engine's combustion chamber from the former, and the engine control which asks for 
fuel oil consumption or ignition timing based on this is thought out. The configuration of the engine 
control system which calculates fuel oil consumption from this cylinder internal pressure is indicated 
by JP,1-253543,A, and shows this to drawing 12 . In drawing 12 , 61 is an engine and the detection 
section of a sensor 63 is exposed by cylinder head 61a whenever [ cylinder internal pressure sensor 
62 and cylinder internal temperature ] in the combustion chamber of the above-mentioned gas 
column. 

[0003] Moreover, the injector 64 is arranged at suction-port 61b which is open for free passage in 
each gas column of the above-mentioned engine 61, and this suction-port 61b is further opened for 
free passage by the throttle chamber 66 through the inlet manifold 65. The upstream of this throttle 
chamber 66 is opened for free passage by the air cleaner 68 through the inlet pipe 67. Moreover, the 
timing sensor (crank angle sensor) 610 which detects the crank angle to which each gas column was 
set beforehand is prepared for the distributor 691 connected [ cam shaft / which the above-mentioned 
engine 61 does not illustrate ]. 

[0004] On the other hand, the air-fuel ratio sensor 61 1 is arranged at the imification section of the 
exhaust manifold 69 which is open for free passage to exhaust air port 61c of the above-mentioned 
engine 61. 612 is a catalytic converter and 613 is a throttle valve. It consists of microcomputers 
(henceforth a microcomputer) which 614 is a control imit (it is hereafter described as ECU), for 
example, consist of CPU, a ROM, a RAM input interface, etc., and the sensor 63, the timing sensor 
610, and the air-fiiel ratio sensor 61 1 are connected to the input side of this ECU614 whenever 
[ above-mentioned cylinder intemal pressure sensor 62 and cylinder internal temperature ]. 
Furthermore, the above-mentioned injector 64 is connected to the output side of this ECU614 
through the drive circuit 616. Moreover, 615 is an ignition plug, is arranged at cylinder head 61a, 
and is connected to the output side of ECU614 mentioned above through the drive circuit 617. 
[0005] Next, the inhalation air content calculation technique is explained. The operation of the 
inhalation air content Ga for every gas column in ECU614 mentioned above is performed by for 
example, the degree type. 
Ga=(PxV)/(RxT) 

Here, P judges whenever [ predetermined crank angle / to which it was beforehand set in the 
compression stroke of each gas column based on the timing sensor 610 ] (for example, it is hereafter 
described in addition as 90 BTDC(s) 90 degrees in front of a top dead center on the basis of a top 
dead center TDC), and is the cylinder intemal pressure of whenever [ this crank angle ]. V is the 
combustion chamber content voliune of whenever [ this predetermined crank angle ], and it is the gas 
temperature in a cylinder which measured R with the gas constant in a compression stroke, and 
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measured T by the sensor whenever [ cylinder internal temperature ]. Since according to ttie place 
indicated by this official report effect by the intake-air temperature in a cylinder cannot be amended 
only fi-om cylinder internal pressure when caicxilating an inhalation air content fi-om cylinder internal 
pressure, it is having also used the intake-air temperature in a cylinder as the element of inhalation 
air content calculation. 

[0006] On the other hand, with the above, the thing of the type which differed in the inhalation air 
content computing method exists as an engine control system which calculates an inhalation air 
content based on cylinder intemal pressiu-e. For example, if according to JP,59-221433,A the 
cylinder intemal pressure difference in 40 degrees (40 BTDC(s)) is set to deltaP in fi-ont of a 
compression bottom dead point (BDC) and a compression top dead center as shown in drawing 13 , a 
linear function as indicated to be the restoration air content Ga to an engine and cylinder intemal 
pressure difference deltaP to drawing 14 will be materiaUzed. Based on this relation, the approach of 
computing an inhalation air content fi-om cylinder intemal pressure difference deltaP in the 
predetermined crank angle of two points in a compression stroke is indicated. Unlike the thing of 
above-mentioned JP,1-253543,A, it is not necessary to refer to the intake-air temperature in a 
cylinder in the thing of this official report. 

[0007] Moreover, according to JP,60-47836,A, there is also a method of finding fiiel injection 
duration on the two-dimensional map table of the fiiel injection duration which made the parameter 
the above-mentioned cylinder intemal pressure difference-of-quantity deltaP and engine-speed N and 
which was beforehand memorized in ROM of ECU. According to this approach, it can compensate 
that a restoration air content changes with various engine speeds also with the same cylinder intemal 
pressiu-e. Calculation of the restoration air content of the above engines is performed by ECU614. 
Based on this air content calculation result, ftiel-injection pulse width is computed by the bottom 
formula. 

Ti=KxGaxKFBxKe — here, K is a correction factor which an air- fuel ratio constant and KFB are 
based on the amount of air-fiiel ratio feedback amendments, and Ke is based on a sensor or a cooling 
coolant temperature sensor whenever [ cylinder intemal temperature ], and amends fiiel-injection 
pulse width. 

[0008] Furthermore, according to JP,59-103965,A, the absolute value of cylinder intemal pressure is 
measured at 40 degrees (40 ABDC(s)) behind a bottom dead point, the two-dimensional map of the 
ignition timing beforehand set not only in fiiel oil consumption for every operational status, 
respectively determined by the cylinder intemal pressure value and the engine speed determines 
ignition timing by ECU, delivery and an ignition coil are driven for a signal in a drive circuit, and 
ignition timing is controlled. 
[0009] 

[Problem(s) to be Solved by the Invention] Since the conventional engine control system is 
constituted as mentioned above, in order to detect an inhalation air content using the cylinder intemal 
pressure in the predetermined crank angle in a compression stroke period, or the cylinder intemal 
pressure difference in the crank angle of two points, when the engine operating point changed, there 
was a trouble that detection precision fell and the Air Fuel Ratio Control precision and ignition 
timing control precision fell by this by pressure pulsation of inhalation air. Moreover, since the 
above-mentioned fiiel-injection control and ignition timing control were performed by putting all gas 
columns in block, when the air content with which constraint of an inhalation air duct is filled up for 
every gas coliunn changed, there were troubles, like dispersion in the air-fiiel ratio between each gas 
column becomes large. 

[0010] It was made in order that this invention might solve the above troubles, when the engine 
operating point changes, the air content with which each gas column is filled up is detected with a 
sufficient precision, and it aims at obtaining the engine control system which can control 
independently an air-fuel ratio and ignition timing for every gas column with high precision. 
[0011] 

[Means for Solving the Problem] A crank angle detection means to detect the predetermined crank 
angle of the engine which has two or more gas columns, and these engines in this invention, A 
cylinder intemal pressure detection means to detect the cylinder intemal pressure of each of said gas 
column based on the output signal of this crank angle detection means, A pressm-e normaUzation 
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means to normalize with the cylinder internal pressure in the predetermined reference state which 
was able to ask for this cylinder intemal pressure beforehand, A means to calculate the value 
corresponding to the restoration air content for every gas column from the cylinder intemal pressure 
normalized with the engine-speed detection means, and the engine speed called for by this engine- 
speed detection means and said pressure normalization means. An operational status detection means 
to detect the value calculated with this means, and said engine speed as operational status. The 
operation control means which calculates independently the air-fuel ratio and ignition timing for 
every gas column based on this operational status, The above-mentioned technical problem is solved 
by the engine control system which comes to have the air-fuel ratio adjustment device which adjusts 
an air-fuel ratio to an engine based on the air-fuel ratio called for by this operation control means, 
and an ignition timing adjustment means to adjust engine ignition timing based on the ignition 
timing called for by this operation control means. 
[0012] 

[Function] Based on the predetermined crank angle detected by the crank angle detection means in 
two or more engines, a cylinder intemal pressure detection means detects the cylinder intemal 
pressure of each gas column. Even when the engine operating point changes by normalizing this 
cylinder intemal pressure for every gas column using the cylinder intemal pressure value in an 
engine predetermined normal condition or change arises in a restoration air content for every gas 
colxram, a fitness cyUnder intemal pressure value is acquired. The value corresponding to the 
restoration air content for every gas column is calculated from this cylinder intemal pressure and 
engine speed that it normalized. And the value corresponding to this restoration air content and said 
engine speed are recognized as operational status, an air- fuel ratio and ignition timing are calculated 
independently for every gas colimm by the operation control means based on this operational status, 
and while an air-fuel ratio adjustment device adjusts an air- fuel ratio based on the result obtained by 
this, an ignition timing adjustment means adjusts ignition timing. 
[0013] 
[Example] 

One example of this invention is explained about drawing below example 1 . The engine with which 
Ml has two or more gas columns in drawing 1 , a crank angle detection means by which M2 detects 
the crank angle of this engine Ml, A pressure detection means for M3 to be connected to each 
combustion chamber of an engine Ml, and to measure the cylinder intemal pressiire in the 
predetermined crank angle of each gas column based on the output signal of a crank angle detection 
means, A pressure normalization means to normalize the pressure which measured M4 with this 
pressure detection means M3 with the criteria cylinder intemal pressiu'e obtained by the reference 
state of an engine Ml, An engine-speed detection means for M6 to be connected to the crank angle 
detection means M2, and to detect the engine speed of an engine Ml based on the output signal of 
this crank angle detection means M2, The charging-efliciency operation means which carries out 
operation calculation of the air content with which M5 is filled up into each gas colimin of an engine 
Ml based on the output signal of the pressure normalization means M4 and the engine-speed 
detection means M6, M7 is connected to this engine-speed detection means M6 and the charging- 
efficiency operation means M5. An operational status detection means to detect the operational 
status of an engine Ml based on the output signal of a both-hands stage. The operation control means 
to which M8 carries out operation control of the air-fuel ratio and ignition timing for every gas 
column of an engine Ml based on the output signal of this operational status detection means M7 
and the charging-efficiency operation means M5, The air-fuel ratio adjustment device which M9 
adjusts the fuel oil consxmiption of an engine Ml based on the Air Fuel Ratio Control signal of this 
operation control means M8, and adjusts an air-fuel ratio for every gas column, and Ml 0 are ignition 
timing adjustment means to adjust the ignition timing for every gas column of an engine Ml based 
on the ignition timing control signal of the operation control means M8. 

[0014] Drawing 2 is the block diagram showing one example of this invention that materialized 
drawing 1 . In drawing, 1 is an engine and has illustrated the case of the 4-cylinder which has gas 
column #1, #2, #3, and #4. The cylinder intemal pressure sensor 8 and the ignition plug 9 are 
arranged in each gas column by the cylinder head 2, and the detection section of this cylinder 
intemal pressure sensor 8 is opened for free passage by the combustion chamber of the above- 
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mentioned gas column. Moreover, the injector 7 is arranged in the suction port which is open for free 
passage in each gas column of the above-mentioned engine 1, and this suction port is further opened 
for free passage by the throttle body 5 through the inlet manifold 4. The throttle valve 6 is arranged 
in this throttle body 5. Moreover, the crank angle sensor 10 which detects the crank angle by which 
each gas colxmm was beforehand set as the crankshaft which the above-mentioned engine 1 does not 
illustrate is formed. The crank angle sensor 10 outputs a unit include-angle signal for every (every 
[ for example, ] degree) xmit include angle of a crank angle. 

[0015] On the other hand, the air-ftiel ratio sensor 12 is arranged at the exhaust manifold 3. 
Moreover, the crank angle sensor 1 1 for gas column discernment interlocked with the cam shaft 
which is not illustrated in the cylinder head 2 is arranged. This crank angle sensor 1 1 generates a gas 
colunm recognition signal and the ignition periodic signal for ignition control for every criteria 
location of a crank angle. 13 consists of output interface (it describes as output I/F hereafter) 16 
grades which are the ECUs as a control means, for example, drive an ignition plug 9 through the 
microcomputer 14 which has CPU, ROM, RAM, an A/D converter, I/O, etc., tiie input interface (it is 
hereafter described as input I/F) 15 which consists of a cylinder intemal-pressure signal input circuit 
which amplifies the output signal of the cylinder intemal-pressure sensor 8, and is transmitted to A/D 
****** of a microcomputer, and an injector 7 and the ignition coil which is not illustrated. The 
above-mentioned cylinder intemal pressure sensor 8, the crank angle sensors 10 and 11, and the air- 
fixel ratio sensor 12 are inputted into this ECU13, a predetermined operation is performed based on 
this input signal, operational status is detected, a fiiel-injection signal and an ignition signal are 
outputted to an injector 7 and an ignition plug 9 through output I/F 16 of ECU13, and an air-fuel ratio 
and ignition timing are controlled. 

[0016] The cylinder intemal pressure sensor 8 which detects the pressure of the combustion chamber 
of this one example, and its attachment situation are shown in drawing 3 . Drawing 3 is the sectional 
view of an engine 1, and gives the same sign to the same part as above-mentioned drawing 2 in this 
drawing. In this drawing 3 , for 2, as for a cylinder block and 23, the cylinder head and 21 are [ a 
piston and 8 ] cylinder intemal pressure sensors, and the cylinder block 21 is equipped with these. 
Moreover, 26 is the pressure detecting element of the cylinder intemal pressure sensor 8, it is 
exposed to the connecting part 25 which is open for free passage to the engine combustion chamber 
24, and it is constituted so that the output proportional to a firing pressure may be generated. It 
connects with the pressure sensing element which is not illustrated through the silicone oil enclosed 
for example, in metal diaphram, and this pressure detecting element 26 measures cylinder intemal 
pressure. A piezoelectric device etc. may be used although the semiconductor pressure sensor is used 
as this pressure sensing element. 

[0017] Next, the air-fiiel ratio in this invention and the control principle of ignition timing are 
explained. Whenever [ crank angle / of 4 stroke cycle 4-cylinder engine ], and the relation of 
cylinder intemal pressure are shown in drawing 4 . Here, A of this drawing is the cylinder intemal 
pressure in engine-speed ISOOrpm and pressure-of-induction-pipe force-300mmHg. Moreover, B 
shows the case of engine-speed ISOOrpm and pressure-of-induction-pipe force-400mmHg. thetal 
and theta2 are whenever [ predetermined / in a compression stroke / crank angle ], and theta 1 is 90 
BTDC(s) in whenever [ crank angle / after an inlet valve closes ]. theta 2 is 40 BTDC(s) in whenever 
[ front crank angle ] rather than it lights a fiiel. Cylinder intemal pressure [ in / for the cylinder 
intemal pressure in theta 1 / PI and theta2 ] is set to P2 whenever [ crank angle ], and a bottom type 
defines cylinder intemal pressure difference deltaP for the two above-mentioned points. 
deltaP=P2-Pl (formula 1) 

This cylinder intemal pressure difference deltaP and the restoration air content Ga are in linear 
relation as shown in drawing 14 . 

[0018] Moreover, suppose that the restoration air content Ga is transposed to a charging efficiency 
Ce, and is dealt with in the following explanation. A charging efficiency is a value asked for the 
weight of the air which made the denominator weight when filling up with air in an engine cylinder 
in standard condition (for example, one atmospheric pressure, 0 degree C), and was filled up with 
actual operational status into the cylinder as a molecule. This charging efficiency Ce and cylinder 
intemal pressure difference deltaP have linear relation. Therefore, a charging efficiency Ce can be 
searched for by measuring cylinder intemal pressure difference deltaP. However, since dispersion 
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was produced in a charging efficiency Ce or the absolute-pressure value was used for it, if engine 
speeds differ even if it is the same cylinder internal pressure difference deltaP, as shown in drawing 
5 , when each proofreading of the cylinder internal pressure sensor with which each gas column is 
equipped was inaccurate, there was a problem of the accuracy of measurement of a charging 
efficiency Ce falling. 

[0019] So, in this invention, an engine criteria load is defined for every engme speed (for example, 
when the pressure-of-induction-pipe force is -SOOmmHg), and this is made into normalization 
operational status. Subsequently, an engine is beforehand operated by this normalization operational 
status, and criteria cylinder intemal pressure difference deltaPo and the criteria charging efficiency 
Ceo are measured and searched for. And cylinder intemal pressure difference deltaP and the 
charging efficiency Ce in the operational status of arbitration are normalized, respectively with the 
above-mentioned criteria cylinder intemal pressure difference deltaPo and the criteria chargirig 
efficiency Ceo, and the relation of a function is obtained temporarily which is shown in drawing 6 . 
The normalization charging efficiency (Ce/Ceo) in the operational status of this arbitration can be 
expressed with the linear fimction using constants a and b like a bottom type. 
(Ce/Ceo) =ax(delta P/delta Po) +b (formula 2) 

Multipliers a and b change a service condition with the value beforehand calculated on an 
experiment based on cylinder intemal pressure difference deltaP and an engine speed, search for 
cylinder intemal pressure difference deltaP and a charging efficiency Ce, and they should just carry 
out a ** value to normalization criteria cylinder intemal pressure difference deltaPo in the 
predetermined operating point beforehand set for every engine speed with the least square method 
here using the normalization criteria charging efficiency Ceo. 

[0020] Next, actuation is explained. First, the relation between a crank angle sensor and cylmder 
intemal pressure is explained. The pressure of each gas column and the signal of a crank angle 
sensor over the crank angle of 4 stroke 4-cylinder engine are shown in drawing 7 (a), (b), (c), and 
(d). this drawing (a) ~ setting ~ a continuous line - the 1st of an engine 1 - it is the pressure wave 
form of cylinder #1, and BDC is a bottom dead point and TDC is a top dead center, moreover, a 
broken line - the 3rd - cylinder #3 and an alternate long and short dash line ~ the 2nd ~ cylmder #2 
and a two-dot chain line ~ the 4th - each of cylinder #4 ~ it is a pressure wave form. As shown m 
drawing 7 , in the 4-cylinder engine, the combustion cycle of each gas column has the phase contrast 
of 180 crank angles, in addition, drawing 7 ~ setting ~ the 1st ~ although the pressure wave form of 
cylinder #1 has filled in the stroke of 1 cycle of inhalation, compression, explosion, and exhaust air 
continuously ~ the 2nd - cylinder #2 and the 3rd ~ cylinder #3 and the 4th ~ the pressure wave 
form of cylinder #4 indicates only the stroke of compression and explosion, and the stroke of 
inhalation and exhaust air is omitting the publication. 

[0021] It corresponds to the ignition timing of gas column #l-#4. the crank angle sensor 11 is shown 
in drawing 7 (b) ~ as ~ each ~ It is based on the location of 6 times ago as opposed to TDC. The 
period of 180 degrees For example, the ignition periodic signal distributed to the Low section (it is 
hereafter described as L) of 1 10 degrees, and the High section (it is hereafter described as H) of 70 
degrees. The gas column recognition signal which generates H signal at the section correspondmg to 
cylinder [ 1st ] H section of the ignition periodic signal shown in this drawing (c), and identifies the 
number of an ignition gas column is generated. Moreover, the crank angle sensor 10 generates the 
unit angle signal which repeats L and H by turns for whenever [ unit crank angle / every (every / for 
example, / degree) ] as shown in this drawing (d). 

[0022] Generally, ignition control controls energization of the ignition coil which is not illustrated 
here with reference to this gas column recognition signal and an ignition periodic signal, and lights 
each gas column, namely, the 1st ~ if cylinder #1 is taken for an example, energization of an ignition 
coil will be started at 180 crank angles of drawing 7 (a) thru/or H section of the ignition periodic 
signal corresponding to the compression stroke in 360 degrees, energization of an i^tion coil will 
be intercepted at predetermined ignition timing with reference to the ignition periodic signal which 
changes from H to L near the TDC, and the high voltage gaierated by this will be impressed and lit 
to an ignition plug 9. 

[0023] Corresponding to this, as a continuous line shows to drawing 7 (a), cylinder intemal pressure 
Ughts like 360 crank angles flmi/or the explosion line in 540 degrees, and a firing pressure increases. 
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Hereafter, order-of-ignition #1 ->#3 ->#4 ->#2 and a combustion cycle are repeated a period 180 
degrees similarly. Moreover, with reference to the timing which changes from L of the ignition 
periodic signal corresponding to zero crank angle of this drawing (a) thru/or the charging stroke in 
180 degrees to H, fuel control outputs the valve-opening time amount signal corresponding to 
predetermined fuel oil consumption to an injector 7, injects a fuel, and adjusts an air-fuel ratio. 
[0024] Next, the detection approach of the inhalation air content of each gas colvunn and the control 
approach of an air-fuel ratio and ignition timing are explained. This example measures the pressure 
of two points in the compression stroke of each gas column, and detects an inhalation air content 
according to a gas column from the differential pressure. The operation flow chart of the 
microcomputer 14 in ECU13 is shown in drawing 8 R> 8 and drawing 9 . Using the gas column 
recognition signal of the crank angle sensor 11, and the unit crank angle signal of the crank angle 
sensor 10, the crank angles thetal and theta2 in the compression stroke of each gas column are 
identified, an interruput signal generates the operation of an inhalation air content on a 
microcomputer 14 through input I/F15 of ECU13 in the crank angle theta 1, the flow of drawing 8 is 
performed as an interrupt handler, and the flow of drawing 9 is similarly performed as interruption 
processing in the crank angle theta 2. 

[0025] First, if an engine 1 rotates and a crank angle reaches theta 1 (for example, 90 BTDC(s)), the 
flow of drawing 8 will be performed. In step SI, cylinder intemal pressure Plj in theta 1 is measured 
with the A/D converter in a microcomputer 14 through input I/F15 in the output of the cylinder 
intemal pressure sensor 8. It is stored in memory Pl#l which was prepared in the memory in a 
microcomputer 14 for every gas column and which is not illustrated, PI #3, PI #4, and PI #2. Since 
the compression stroke of each gas column is periodically repeated by the phase contrast of 180 
crank angles as the subscript j of PI is a gas column nxmiber #3, #4, #2) and drawing 7 
explained here With reference to the gas column identification number of the crank angle sensor 10, 
the cylinder intemal pressure sensor 8 corresponding to a gas column number is chosen, and A/D 
conversion of the cylinder intemal pressure Plj of theta 1 of each gas column is carried out, it is 
memorized by the sequential above-mentioned memory, and ends processing by this routine. 
[0026] Subsequently, if a crank angle reaches theta 2 (for example, 40 BTDC(s)), the flow of 
drawing 9 will be performed, and in step S2, A/D conversion of the cylinder intemal pressure P2j in 
theta 2 is carried out like the flow of above-mentioned drawin g 8 R> 8 corresponding to a gas 
coliimn number. Next, it moves to step S4 and criteria cylinder intemal pressure difference deltaPoj 
and the criteria charging efficiency Ceoj are read from the map table prepared in the memory in the 
microcomputer 14 shown in drawing 10 . The axis of ordinate of this map table is classified with Nl, 
N2, and N3 ~ corresponding to engine-speed N, and a storage setup of criteria cylinder intemal 
pressure difference deltaPoj and the criteria charging efficiency Ceoj to which the axis of abscissa 
was set (for example, when the pressure-of-induction-pipe force is -300mmHg), and measured the 
criteria load by this operational status for every above-mentioned engine speed is carried out 
independently for every gas column. Here, engine-speed N is constituted so that the period of the 
predetermined include-angle section of the crank angle sensor 1 1 may be measured and computed 
using the timer in a microcomputer 14 in the procedure which is not illustrated, according to a 
rotational frequency, an axis of ordinate is searched from the above-mentioned table, and the lookup 
of the above-mentioned reference value corresponding to a current rotational frequency is carried 
out. 

[0027] Next, it progresses to step S5 and a charging efficiency Cej is computed using a bottom type. 
Cej==Ceoj (axdelta Pj/delta Poj+b) (formula 4) 

Here, the above-mentioned formula 4 transposes the criteria charging efficiency Ceo of a formula 2 
mentioned above to the right-hand side, substitutes the multipliers a and b for which it asked in 
cylinder intemal pressure difference deltaPj computed using the formula 3 at step S3, criteria 
cylinder internal pressure difference deltaPoj in the normalization operational status read by step S4, 
and the criteria charging efficiency Ceoj and an experiment, and computes a charging efficiency Cej. 
Thus, operational status is judged using the computed charging efficiency Cej and the rotational 
frequency N detected from the above-mentioned crank angle sensor, and it is used for the operation 
of the air-fuel ratio and ignition timing which are mentioned later. 

[0028] Next, at step S6, the operation and storage of the valve-opening pulse width Tj of the injector 
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corresponding to fuel oil consumption are done using a degree type. 

Tj=KixCejxKafxKe+Td (formula 5) 

The air-fuel ratio correction factor which the fuel discharge quantity transform coefficient of the 
injector from which Ki changes a charging efficiency Ce into the pulse width corresponding to the 
fuel oil consumption in theoretical air fuel ratio here, the charging efficiency for every gas column 
which calculated Cej at step S5, and Kaf are based on an air-fuel ratio correction factor, and Ke is 
based on the output of the air-fuel ratio sensor 12, and amends an air-fuel ratio, and Td are injector 
actuation dead-time correction value beforehand defined to battery voltage. 

[0029] Next, it progresses to step S7 and ignition timing thetaj is read from the map table prepared in 
the memory in the microcomputer 14 shown in drawing 11 . The axis of ordinate of this map table 
uses the charging efficiency Ce searched for at step S5, and is classified with Cel, Ce2, and Ce3. 
Moreover, an axis of abscissa is engine-speed N, and is classified with Nl, N2, and N3. A zone 
division is carried out in these partitions, and ignition timing thetaj is assigned to Memory P (c, n) 
corresponding to each zone. Here, c and n are each segment number on the axis of ordinate of 
Memory P, and an axis of abscissa. From this map table, the lookup of the optimal ignition timing 
thetaj is carried out, it is memorized according to the operational status of the engine 1 which 
becomes settled in engine-speed N and a charging efficiency Cej, and processing is ended. 
[0030] Thus, the valve-opening pulse width Tj of the injector 7 corresponding to the fuel oil 
consumption for every gas column corresponding to a gas column number and optimal ignition 
timing thetaj are calculated and computed. In addition, as mentioned above, a microcomputer 14 
refers to the gas column recognition signal and ignition periodic signal of the crank angle sensor 1 1 
in the charging stroke of each gas column. While outputting the valve-opraing time amount signal 
corresponding to the above-mentioned valve-opening pulse width Tj to an injector 7 through output 
I/F16, injecting a fuel and adjusting an air-fuel ratio In the compression stroke of each gas column, 
ener^zation of the ignition coil which is not illustrated through output I/F16 at the time of the 
above-mentioned ignition timing thetaj is intercepted, and the high voltage generated by this is 
impressed and lit to an ignition plug 9. 

[003 1] Although the cylinder internal pressure PI and P2 in the crank angle of two pomts m a 
compression stroke was used in the example 2 above-mentioned example 1 when asking for cylinder 
internal pressure difference deltaP, the pressure corresponding to PI and P2 may calculate the 
average of the predetCTmined crank angle section, may use the differential pressure of this average, 
eliminates disturbance, such as a noise, in this case, and can calculate a charging efficiency to 
stability. 

Although the detection value of the charging efficiency which became mdependent for every gas 
column was used in the example 3 above-mentioned example 1, what gave the primary digital filter 
etc. may be used for the detection value for every gas column, and average statistics processing may 

be added. , , • ju 

Although it constituted from an example 4 above-mentioned example 1 so that the penod between 
the predetermined include angles of a crank angle sensor might be measured as an engine-speed 
detection means, the period of the energization signal of an ignition coil etc. may be measured. 
[0032] Although the charging efficiency was used in the example 5 above-mentioned example I 
when detecting a load as an item of engine operational status, the opening of a throttle valve, the 
pressure of an inlet pipe, etc. may be used. 

Although it constituted from an example 6 above-mentioned example 1 so that an air-fuel ratio and 
ignition timing might be controlled independently for every gas column using the detection value of 
the charging efficiency independently measured for every gas column, an air-fuel ratio or ignition 
timing may be controlled using what equalized the charging efficiency of each gas column. 
Furthermore, although the above-mentioned example explained the case of a 4-cylinder engine, 
without being limited to this, it can apply also like the engine of the other numbers of gas columns, 
and the same actuation as the above-mentioned example is carried out. 
[0033] 

[Effect of the Invention] As mentioned above, since an air-fuel ratio and ignition timing are adjusted 
based on the cylinder internal pressure with which the detected cylinder internal pressure was 
normalized by the pressure normalization means according to this invention, even when an engine 



http://www4.ipdl.ncipi.go.jp/cgi-bin/fran_web_cgi_ejje 4/1 2/2006 



IP,07-035018^ [DETAILED DESCRIPTION] 



Page 8 of 8 



operation condition changes, the fall of the detection precision of the value corresponding to a 
restoration air content can be prevented. Moreover, by being able to control an air-fUel ratio and 
ignition timing correctly [ also when the air contents with which each gas column is filled up differ ], 
as a result controlling an air-fuel ratio with high precision, since the value which is equivalent to a 
restoration air content for every gas column is detected and the air-fuel ratio and ignition timing for 
every gas column are controlled independently based on this, exhaust gas is always maintained at 
clarification, dispersion in the output between gas columns is eliminated, combustion efficiency is 
improved, and fuel consumption can be improved. Moreover, adjustment of identifying a gas colunm 
with the crank angle detection means for gas column discernment according to claim 2 then the air- 
fuel ratio which it became independent of for every above-mentioned gas column, and ignition 
timing becomes easy in this case. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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EE^-4 0 0mmHgr©ti^=&n^-r= 6 1. e2»EEli 

*TS4'©^;e© 4'7>4'ftST*»). ei itvgtMMifim 

Dfca©e'9>4'ftffi-C. m«BTDC9 0S-C* 



(4) <^W-7 - 3 5 0 1 8 
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•5. 0 2{*j8SI4{cA:^-r.5J:»)*>t5©4'7>4'ftS-C. 
mtfBTDC40Sr*S. 4'v>4'ftSfl ItCfct:^ 
•5fgfF*3ff*P 1 . 0 2«:*iW«>igfrtE?:P2 4L. ±iB 

2 ,'^ra©tgfrtE;^3^A p *Tsc-c3e«-r 4. 

AP = P2-P 1 <SC1 ) 

C©|gfrtff:*3llA P i^«^mfiG a tt. S 1 4 K^f 

[0 0 1 8 ] */c. mrom^vimm^^G 
10 {*ggm*i«sin*S8 <m«i^H. o-c) (cM»rx> 

i^>©'> y >i<'f«3K:5t«3n/cB#©S«?r^e<!: L-. m 

^iiAPittiSj^H^^rW-ra. m-^x. ©rta^^A 
iiA pr* o-c t>x>s?>ia<g»*jS!a:nid3BiB»c 

20 »^tc». 5(E«JWCe©«iI5e»K*t®T-r*«ct-©ra 

[0019] -ec-rc:©^?3-cw. ■?-ti-en©x>i?> 
H^»»K:x>j;>©S!|l:a?af <mtf. iRSi«ffi*3&J 

- 3 0 0 mmH g©i^) ctiiiEmimmm 

i-r-5. 'Xt>-C. C©iE«{baitet^1|-C^8i)X>i;>:& 
a^l/. Wmf^EEt)^P o <!:«|l?t«5a$C e o * 

E:^7MA P i^«5ai^C e ±f2»J«gfrtffit>^A P 
o i ai»^«Ba*C e o -C^n^tiiEJi^ t H 6 fC^ 
30 •r-i^fKCKfi&'&WS. c©fiES©aHEtt«R:*ji:fS 
iEMimmnm (C e/C e o ) «T^©J: ^KJgK 

(Ce/Ceo) =ax (AP/APo) +b (SC2) 
C C -CiSfi a i b imjHK^^A Ptx>i?>m^t 

^rtlKjMA P t^m^mc e X >s?>|5l!KI^ 

:^MAP o <!:iE«{bSSi^«38!l^C e o*ffl(,>r«/jN2 

40 [0020] i^«:ttf¥«:oi,>rsiga-r -5. ^fer. 47 ^ > 
4'ft-fe>1^ijg|rtE©M^|{c-:>t,iriJiBj-r5. 07 
(a). <b). <c). (d) {C4;^ha-4'4^|gf 
x>i?>©4>-7>i'ftK>it-r-5SStiaf©)E^i 4^ 7> 4^ 

ft-fe>i^©<i#*/T^-r. iBi0 (a) Kfci^r. *i®«x 

>i^>l©||imia# l©E^iS?K-C*i5. BDC«T 
TDC»J:5Esgr*S. *fciB^ttm3migS# 

3. ■~}mm.itm2im#2. 2!^ism\tm4fm#4 

<D^ti^tim:hm}-c$)?>. S7{c^-rJ:'5{c. 45Mgf 
x>S/>-CWSmigf©*Si^1»--f 4'Jl'»4'^>i5'ft 1 8 0 
50 ffi©tSffl^4^o-Cl,>S. g|7{C*JW>r«. Hi 



(5) 
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[002 1 ] ^"^^i^n-blyV-l IttHT (b) iCm-f 
J: 5 (CS^tS # 1 ~ # 4 ©ij^clI^^tc^Ptlc: T D C 

icmLxm^it6&m<msi:mmt lx 1 8 o&om 

IS*m«l 1 OSOLowKffl (JWT. Liiar) i 
7 0KOH i srhKlffl («T. Hiffi-T) CCtiO^wyt id 

A^^fflm^i . mil ( c ) «:7i^^*i;c^«nt-^©m i 
oitmm (d) tc7s-rj:^(c#&^5> 
[0022] -iKfif>(c^s(Hsp». c<D^nmm^t 

SfiJSKtSi. H7 (a) CDi'^^i'ft 1 a OJfftcOL 20 

mmiiC!^.Xzi^;i'<ommimmo. tdcjs^-chjsp^ 

[0 02 3] cnK*fjSL/-C, 07 (a) fC|^-C^-r 
J:5«ciafl*3ro3:i'7>f ft3 6 OS&t^US 4 OSCCte 

filtcL-r. 1 sos^SB-cSi'cJW^* l-»#3^#4- 
#2<i:fiK«l1^■-/^'->^*J«•Jig3*^«. 30 
m (a) ©i'5>i'ftoefJ&:l»b 1 8 Offi{c*jWS®A 

tT^tcjti&r ■& j^^»wt#© L e. H cc^{ ^ 
ram#*-^>j^xi'*7{cffl^i^. «»4«s*braai!8 

Jt^ili!i-r'&. 

[00241 i^CK. S«iacD!RAS5W©«ia*i*<!:. 
mS«tgf©ffiffi?fg1i®2*©IE*3?r&faiJb. -e©l£ 
8. EIQtCECU 1 3F«9©v-r3>l 4©jSI»:7a-^ 40 

f-h*7n-r. KA^sffl©aim*e'7>^ft-fe>-9-i 

Ce j =Ce o j <aXAP 
CC-C. ±ia^ 4 (tir^ L tcjS. 2 ©»!S^«SSl!l^ C e o 
=&«a«:^3Bb/cfc©-C*»). :^f-y:fS 3-0^3 

t»-c»aii/ft:jSfrtE:^MAP j ;^^5.7'S4-r^* 

m3ti/ciE«fbate«SS-C©»!»fgirtBE*MAP o j *J 
J:c;fSm5E«^^C e o j i. 5Si|-C^e&/c^ a . b 
*«Al/. 5£«S2l*C e j ^gcwrs. C©<fc^{CL-C 
ftaStiilt^iEttKWC e j t±Si9^>i'n^>1f-ifiP> 50 



e 1 te2ifimisti. i'^^f^e ir»Ecu i 3 

©A:*II/F 1 5*^LT-7^3>1 4{CS|r)ji*(i# 

S9»?ji^?»'ifflia.'l'-^><!:l/rS8©7a-7jJ 
HtfStl. 4'^>5'fte2-C»p|«IK:aif3ji*«lffiiL< 

[0 02 5]5fe-r> x>y>l*i|5ieLi'7>^ft*i0 

1 (FJ^«. BTDC90S) icsm-t6tm8<Dyu 

KP 1 j *ijSfrtBE-fe>-9-8 ©W:t>*A* I /F 1 5 4^ 
Lrv^3>l 4rt©A/D^jftS-Cttil!l5n. v-fn 

>i 4^*3©->f*';^cm^SS{ci9:W6t^;fcH*l/^t^>->{* 
•;pi#l. Pl#3. Pl#4. Pl#2«:;^hT3 

ns, c ct?. PI ©^ j «migfS-^ ( j = # 1 . # 
3. #4. #2)r*>o, m7v^mbtcj:^ic^^m 
omm^miti^^^fn 1 s oe[©feffiM-cja»3Wfci^ 
oii2ti-5©-c. ^y^i^n-it^v-i ocoMtsmm^ 

Smigf©0 l-C©@fF*3ffiP 1 j*SA/D^3n«i 
[0 02 6] i'-7>i'«*S0 2 <m«. BT 

DC4offi) tcmm-r^tmBoyu-timf^ti. ;^ 

7^ ::^S 2 tc*jl,>r 0 2 (Cfct^fSlgirtEEP 2 j 3&s±IB0 
8 ©7 a - <big«{cm®s#(c5!tt&o-r A/D^S n 
■5, ;^f^-y:rs4K:^0. 01 0{c^-r-7-<3> 
1 4F«i©^*»;K:S:W6n/cV5»yf— :?'jl/*i6S»lSf 

(^iE^>MAP o j isis^ttia^c e o j ^m^tn-r. 

•CNi. N2. N3-iE^5-snr*5»), tiM»»±ffix 
OOmmHfir©^?) C©*^^^^!!*]^?^* 

mfafrtE;t>igA p o j tmimmmc e o j ifi&fm 

ftaEiffl©^»!%'7-f 3> 1 4rt©4'-/^*m»rttaM 
^ictL-CXim^^mh. 3H5E©lH|i^tcS*t£;L;te± 
[0027] i^JCC, Xf^^. :?'S 5 {cM*. ^SBa^C e 

j/APoj+b) (SC4) 

[0028] ;^tc;^f^ 9 :/s 6 -ctt, «»4«i«tc*fi6 
ITS -<>t?x ^^©«#^^•;^Xl^iT j %i>cs*ffii,»rsi 

T j =K i xCe j xKa f xKe + Td (iCS) 
CC-C. K i«^««P^Ce*ffia&Sji!8Jt-C©jK«i!a«* 
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ffifi^«^> C e j f :/S 5 t?*feife«,j§i«© 
K a f \t^mm£.mL. K e (X^ibHz > 

Td«>'<s'f-i;mE(c*tL-r^«i)3e*6*xrt»6'r 

[0 02 9] 'XK. ;^7^i':/S7fCjl*5^. 01 1 tc^-T 

«;^^9:/S5-c*«>yt^S«asgce*fflc>r*j*). c 
el. Ce2. Ce 3iE^Stiri,»?>o */c. 
x>i;>@ie»:N-C*»3. Nl. N2. NSiE^Sn 

^/-^(CJ^IEL'-C, ,=^.^B$We j «r^*y P (c. n) 

6i>y>|5I^IKN<i:3fe«?i»*Ce j TJE^-Sx^i/^ 
1 ©afg«tmjc&orSDij^jAcB#«!0 j d7T f 

[0 03 0] C©J:^>K:L.r. M1S»#«:3ii»Eoyfc»1Sf 

*JIJ-C, ^7>i'ftH2>-tM lcDMlgiiS^!l«#<b,-^^ 
}IHi-^*#ML.-c, ±i2PS#^^•;^;^l^iT j {cMjS-r-sra 

[003 1 ] mmz 

jjB^i« 1 -cfJisirtE^j^ p **«e>«is{c. fflfiitf 

gtfjcoa AcDf 7>i'«tc*ji^sigfrtffp 1 tP2=km 

\.^fcifi. Pl<l:P2«:Mj6t--Sffi^ttef«i'^>i'ftB: 
iy&093 

±12^011 1 'r:\tfmntx.i&iL{^fc%mim(omM^ 

Il«i0!l4 

(00 3 21 HJS^S 
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10 x>i?>{c*>igfii«:jifflt?*. ±gK©*«tllI«©tt{'^ 

[0033] 

±-C#2>. c©i©^K:*ji>-c. i§#i92{cl2lS© 

asisisijffl 7 > ft^to^iat?mfSf*i5sii-r -5 c i i 
•rntf, ±SLfc«iss©!feftcfc^JiatJ:b. j^jAd^jw© 

[iaQD©|gfm«:IJi?g] 

[H 1 ] c©i%§g©«^=£^-ri8ti^n » {>mxi> 

30 5. 

[02] C©^©-ggJfe««:^6Sx>*^>©=R«:fi!j 

[H31 C©f69li©-^J6«-Cfi6«SnSigfrtBE«iaj 
#S«r:S:«L:fcx>2;>©^fiS©»fH%»»W«:^ria 

[04] sm^iTm'p(Di^^>i'ntfmm<Diis%i^ 

40 [061 iEa{blSrtBEiiE*ifb^«(^©M«K*^-r 
[07] x>i?>tfgK:*f^*|grrtil, ,#jAc^«8« 

[08] C©^l«©-||Jfi^{Cj:o-C^5£i'^>4'A 

[09] c©l6§«©-||JfeWCcfcor^j|!B[ibi^i^ 

50 [010] c<mm<D-mim-c^:s*ii. mm 
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-35018 
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[S 1 2 ] Sl!*(Dx>$;>«|(|iilSgB©fltfi5Eig-C*5. 

[013] '^^s.'^v>mmt<mimm^m^ 
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^ f :/s 2 K:*jt>r e 2 «:*swsigfrt£EP 2 j *i±K0 

AP j =P2 j -P 1 j (jC3) 

CC-e. APg>8S^ j tj:±|g;^7-y ■T'S 1 . S 2 



o j tmm^^c e o j €;M*a-r. c©-^ 2, ^7=- 
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m^ii. m^mSJjti- a 0 0 mm h 
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